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The problem of devising a  reliable and readily applicable method 
for measuring the pressure in the lesser circulation has engaged the 
attention of physiologists since 1852, when Beutuer (1)  under Lud- 
wig's direction inserted a cannula in a branch of the pulmonary artery 
in rabbits,  cats, and dogs, and recorded the pressure by means of a 
mercury  manometer.  In  these  experiments  the  chest  was  open, 
artificial respiration was employed, and a  fairly large section of the 
pulmonary arterial bed was absent due to the insertion of the cannula 
in a large branch of the pulmonary artery.  It is unnecessary for us 
to list the work of other investigators who have used  a  similar or 
closely related technique.  Tigerstedt (2) and, more recently, Wiggers 
(3) have provided critical summaries of all such experiments. 
In order to meet the requirements of experiments projected in this 
laboratory a simple and reliable method for taking pulmonary arterial 
pressure was required, and this method must be applicable under the 
following conditions.  (a)  The experimental circumstances must be 
those used by us in 1921 (4, 5).  In this method the heart and great 
vessels are exposed--the pulmonary artery being naturally included 
down to its exit from the pericardiai sac--but the lungs are closed in 
the pleura1  cavity by  sewing the  edges  of  the pericardium  to  the 
opening in the anterior wall of the chest.  Animals so prepared are 
able to breathe normally.  (b)  Cannulation of the pulmonary artery 
must  be  attained  without  circulatory embarrassment  and  without 
diminishing the size of the capillary bed of the lungs.  (c)  The can- 
nula used must be simple of insertion and must be so constructed as 
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to permit usage over long periods of time without danger from blood 
dotting. 
In their  essential features all of these requirements  have been considered by 
former  investigators.  Knoll  (6),  in  1888,  de;rised  a  damp  which  apparently 
isolated a  fold of the pulmonary artery  through which he inserted  a  specially 
devised cannula.  Tigerstedt  (2) found it difficult to visualize KnoWs apparatus 
from the published description, and with this difficulty we are in entire agreement. 
Knoll apparently used a trocar type of cannula combined with a special retaining 
c!~mp, but on his own admission,  many animals were lost while adjusting  this 
apparatus,  and it is also apparent that the pulmonary artery suffered a  certain 
degree of narrowing  through its use.  Employing rabbits,  Knoll did,  however, 
succeed in inserting his cannula and measuring pulmonary blood pressure under 
normal  breathing,  the  chest  having  been  dosed  following  the  placing  of  the 
e.~nnula.  Henriques  (7),  in  1893,  described his procedure for making pressure 
measurements in the pulmonary artery in the following terms. 
For these investigations  I  have used dogs, cats, and rabbits,  always under artificial 
respiration,  either after curarization  or medullary  section.  The left pleural  cavity was 
opened and a sufficient amount of the thoracic wall removed to lay bare the heart.  The 
pericardium was then opened and the main stem of the pulmonary artery pierced with a 
stilette of small caliber.  That absolutely no bleeding occurs is due to the elasticity of the 
vessel wall and to the low pressure in the pulmonary artery. 
MeUin (8), in 1904,  employed a  slight modification of the cannula devised by 
Ludwig.  His instrument was a  simple tube with a  small plate at the end which 
entered  the artery.  A  second plate of similar  type, sliding on the shaft of the 
cannula and arranged so that it could be clamped in place, closed the opening in 
the pulmonary artery.  In order to insert this eannula the blood flow through the 
artery was shut off for a brief time, but after practise the period of obstruction was 
so reduced as to be of little moment.  The eannula was defective for continuous 
use on account of blood clotting, but Mellin obtained many useful measurements 
of pressure with it. 
Schafer  (9)  has  recently described  a  glass cannula for obtaining pulmonary 
arterial pressure, which is inserted through the wall of the right ventricle.  The 
tip is passed through the pulmonic valve, the leaflets of which  close around it. 
The  eannula  is  provided with  a  stilette  and with  side  tubes for attachment of 
pressure-recording and washout apparatus.  We have found Schafer's  eannula 
easy to make, easy to insert, and easy to use over long periods of time.  We have, 
however, been unable  to employ this  cannula without lowering systemic blood 
pressure to a considerable degree.  Even when the greatest care is used the filling 
of the left ventricle is apparently lessened and the general circulatory condition of 
the animal suffers.  In Schafer's (9-12)  publications in which he has employed 
'his eannula, no figures are given covering the systemic blood pressure before and 
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required  no such control.  If, however,  one projects experiments  in which  the 
entire  circulation  must  be  kept  in  as  normal  condition  as  possible,  Schafer's 
cannula, at least in our hands, does not solve the problem. 
Method. 
The cannula shown in Text-fig. 1 combines the ideas of Henriques 
(7) and Schafer (9).  It has two parts, a barrel (.4), and a stilette (23). 
Side tubes enter the barrel, 1 leading to the pressure-recording device 
and 2 leading to an ordinary washout system.  In C  the cannula is 
shown ready for insertion.  The  stilette is well covered with  stop- 
cock grease and makes joints capable of holding water under a pressure 
of 100 ram. of mercury both at the tip and at the knurled head.  To 
insert the cannula  1 one simply grasps  the pericardial tissue on both 
sides of the pulmonary artery with hemostats and pushes the cannula 
through the wall of the artery just as a  needle is inserted in a  vein. 
As a usual thing no bleeding occurs, and if oozing does take place it 
soon  stops.  The  cannula  is  held in  place by means  of  a  special 
clamp upon  a  rlng-stand,  and  tubes  1  and  2" are  connected with 
the  manometer and  washout  systems.  The  cannula is  then  filled 
with the anticlot solution employed, and all is in readiness to make a 
record of pulmonary arterial pressure.  In order to connect with the 
blood  stream  the  operator  opens  the  tube leading to  the washout 
system through 2  and withdraws the stilette until  the light  spring 
upon the side of the barrel engages the groove in the stilette.  This 
position  is  shown  in  D,  Text-fig.  1.  The  tube  to  the  washout 
apparatus  is  then  dosed,  and  on  opening  tube  1  to  the  pressure- 
recording system  a  tracing is at once obtained.  It is  obvious  that 
if the stilette is withdrawn so as to throw the barrel of the cannula 
into  communication  with  the  pulmonary  arterial  stream  without 
opening to the washout apparatus,  a  vacuum is created which must 
result  in  drawing pure  blood  into  the  cannula.  If,  however,  the 
tube to the washout system is open while the stilette is withdrawn, 
a little additional anticlot is sucked into the system and nothing more 
occurs.  When a suitable length of record has been obtained the tube 
leading to the washout system is opened and the stilette thrust back 
into  the original position  shown in  C.  Under these  circumstances 
I In all the experiments urethane anesthesia was used. A 
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TExt-FIG.  1.  Trocar cannula  for pulmonary  artery.  A,  the  barrel  of  the 
eaunula; B, the stilette; C, the stilette in positionin the barrel ready for insertion 
into the artery; D, the stilette withdrawn to  the notch after insertion  into  the 
pulmonary  I artery.  This diagram illustrates the condition of affairs during the 
actual recording of pressure in the pulmonary artery. 
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there is no possibility of blood loss or of leakage of anticlot solution 
into the animal, and the cannula can at once be washed out from the 
washout  system.  One  may  now  make  another  tracing,  and  the 
same series of maneuvers may be carried through as many times as 
may be required.  The entire experiment is so simple that it is planned 
to use it in class work during the coming winter. 
Fig. 1 illustrates the beginning of an experiment in a  rabbit anes- 
thetized with  urethane.  Tracing  1  is  the pressure  in  the  carotid 
artery prior to cannulation of the pulmonary artery.  Tracing 2 is 
the carotid pressure after insertion of the pulmonary artery cannula, 
and tracing 3 is the pulmonary artery pressure taken at the same time. 
Tracings 1 and 2 are registered by means of a mercury manometer. 
The mean pressure in tracing 1 is 84 ram. of mercury, and tracing 2 
is the same.  The mean pulmonary pressure is 18 ram. of mercury. 
In  the experiment in  question the rabbit was breathing naturally, 
since it is easy in this animal to enter the thorax, open the pericardium, 
and expose the pulmonary artery without opening the pleural cavities. 
The entire record shows that one may readily make a measurement, 
which has  been  somewhat baffling,  without  disturbing circulatory 
relations to a  greater degree than is necessitated by exposure of the 
pulmonary artery.  In  our  experience  exposure  of  the  heart  and 
opening the pericardium, whether in the rabbit in which the plcural 
cavities may be kept shut or in the cat or dog in which they must be 
opened at least temporarily, result in a lowering of systemic pressure. 
This is variable in amount and always becomes less when the chest is 
again closed and the animal begins to breathe naturally. 
The validity of pressure measurements made by means of a cannula 
pointing with the blood current may well be questioned.  Theoreti- 
cally the cannula described should be inserted at right angles to the 
current in the artery.  Such an adjustment can usually be made by 
cutting away the upper part of the left chest wall where it joins the 
sternum.  We have, however, found that if in the same animal one 
makes three records--(a) with the cannula pointing toward the heart 
and directly against the blood current, (b) with the cannula pointing 
at right angles to the current, and (c) with the cannula pointing in the 
direction of the blood stream--the results are practically identical and 
it is therefore unnecessary to observe any particular precautions to 
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EXPLANATION  OF PLATE 19. 
FxG. 1.  Tracings 1 and 2, pressure in the carotid artery of a rabbit registered 
by means of a mercury manometer before and immediately after insertion of the 
pulmonary artery cannula.  Tracing 3, pressure in the pulmonary artery regis- 
tered by means of a membrane manometer. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. XXXVI.  PLATE 19. 
FIG.  1. 
(Swift, Haggart, and Drinker: Pulmonary artery.) 